Background: Cosmos caudatus (Ulam Raja) is an appetizer (ulam) eaten with rice in Malaysia. Previous studies showed that Cosmos caudatus possess high antioxidant content. Nrf2 is a transcription factor which regulates the expression of phase II enzymes and antioxidant proteins. The aim of this study is to investigate the effects of Cosmos caudatus aqueous extract (UR) on the expression of Nrf2 target genes in mice liver.
INTRODUCTION
Cosmos caudatus is an indigenous herb of tropical America, but can be found grown in other tropical countries including Malaysia and Thailand [1] . In Malaysia, it is known as "Ulam Raja". "Ulam" refers to a group of traditional Malay herbs, usually consumed raw. The raw leaves and shoots of Cosmos caudatus is eaten by dipping in a condiment made with chili and shrimp paste, accompanied with rice. In Malaysia, Cosmos caudatus has been traditionally used to improve blood circulation, as an anti-aging agent, to reduce body heat, to strengthen the bones (because of its high calcium content), to promote fresh breath and to treat infections associated with pathogenic microorganisms [2, 3] . Cosmos caudatus has been shown to exhibit potent antioxidant activity [4] . The antioxidant activities of aqueous extracts of several tropical herbs that are widely consumed in the Southeast Asian region had been evaluated, and it was discovered that Cosmos caudatus possess considerably high antioxidant activity compared to other Southeast Asian herbs [5] . Cosmos caudatus extract was highly effective in the prevention of formation of conjugated diene and in scavenging DPPH radicals [6] . A previous research which evaluated the total phenolic content and antioxidant activity of five local Malaysian herbs using DPPH and FRAP assays discovered that Cosmos caudatus and Oenanthe javanica aqueous extracts were found to have the highest DPPH and FRAP values, further suggesting that Cosmos caudatus is a good source of antioxidant [7] . It is therefore implied that the consumption of Cosmos caudatus might prevent the formation of free radicals in vivo and consequently reduce the damage caused by these radicals. If left unattended, free radicals are capable of attacking cells which leads to irreparable cellular damage. However, cellular damage caused by free radicals can be prevented or reduced by the presence of in vivo antioxidant proteins such as superoxide dismutase, glutathione peroxidase and peroxiredoxin, in which their expression are Nrf2-regulated [8] . In this study, we would like to see whether supplementation of Cosmos caudatus aqueous extract is capable of enhancing the in vivo antioxidant/detoxification response through the Nrf2 pathway. Nrf2 is a member of the Cap'n'Collar (CNC) family of transcription factors, which share a basic region-leucine zipper (bZip) structure. Nrf2 heterodimerizes with other bZip proteins e.g. the small Maf proteins and binds to its cognate DNA sequence, the antioxidant response element (ARE), for which the consensus DNA sequence 5'-TGACNNNGCA-3' has been proposed [8] . It has been shown that Nrf2 is sequestered in the cytoplasm coupled to an inhibitor protein, Keap1, which prevents its access to the nucleus and also directs its degradation by the proteasome [8] . Exposure to chemically reactive species and/or a decrease in reducing conditions within the cell, results in dissociation of Nrf2 from Keap1. The precise mechanism involved in the dissociation process is not clearly understood, but may involve oxidation and/or covalent modification of critical sulfhydryl group within the Keap1 protein. In addition to Keap1, certain protein kinases may be candidate sensor molecules of electrophilic and oxidative stresses [8] . In the nucleus, Nrf2 associates with small Maf protein (or other binding partners), forming a heterodimer that binds to the ARE in order to stimulate the gene expression mechanism. Nrf2-Maf heterodimer target genes include those that encode prototypical phase II detoxification enzymes and antioxidant proteins [8] .
The importance of Nrf2 in regulating the cellular antioxidant response has been most convincingly established through studies with transgenic Nrf2 deficient mice. Studies performed on Nrf2 knockout mice indicated that Nrf2 was influential in the expression of ARE-associated genes. Nrf2 knockout mice appeared to be more susceptible to the toxic effects of compounds such as paracetamol and cigarette smoke [8] . Studies performed on Nrf2 knockout mouse indicated that the presence of Nrf2 is required for enhanced expression of various genes related to antioxidant response/chemical defense mechanism, following administration of chemoprotective agents; however, constitutive expression of the same genes is often unaffected by the deletion of Nrf2 gene [8] . Microarray studies carried out on wildtype and Nrf2 knockout mouse suggest that the full range of proteins regulated by Nrf2 might be extensive. Some of the Nrf2 target genes include the glutathione S-transferases (GSTs), NAD(P)H quinoneoxidoreductase 1 (NQO1), superoxide dismutase (SOD), heme oxygenase-1 (HO-1) and glutamate cysteine ligase catalytic subunit (GCLC) [8] .
The result of a previous study showed that Cosmos caudatus was able to significantly increase the activity of phase II enzymes such as catalase, superoxide dismutase, glutathione S-transferase and DTdiaphorase [NAD(P)H quinoneoxidoreductase 1] and significantly reduce the lipid peroxidation level in mice organs such as the lungs [9] . Another study showed that Cosmos caudatus was able to significantly increase the activity of phase II enzymes such as catalase, superoxide dismutase, glutathione Stransferase and DT-diaphorase and significantly reduce the lipid peroxidation level in mice livers [10] . In summary, what was discovered before was the positive effect of Cosmos caudatus on the activity of phase II enzymes, which implied that Cosmos caudatus could be chemoprotective or hepatopro-tective. However, there is no evidence of studies being done to examine the effects of Cosmos caudatus on the level of gene expression of these phase II enzymes (which are Nrf2 target genes) in the liver. Therefore, in this study, we would like to examine the effect of Cosmos caudatus aqueous extract (UR) supple-mentation in mice for 21 days on the expression levels of Nrf2 target genes (GSTs, NQO1, SOD, HO-1 and GCLC) in mice liver. Butylated hydroxyanisole (BHA) was used as a positive control since it has been proven to be chemoprotectant in previous animal studies [11] .
MATERIALS AND METHODS

Reagents
TRIzol reagent and RNAse free water were obtained from Thermo Fisher Scientific (Waltham, Massachusetts, USA). iScript cDNA synthesis kit and iQ SYBR Green supermix (2X) kit were obtained from Bio-Rad (Hercules, California, USA). NQO1, GSTA1, GSTA3, GSTM1, GSTM3, GSTP, SOD3, HO-1, GCLC and GAPDH primers for qPCR were synthesized by Vivantis Technologies (Oceanside, CA, USA). BHA and Isopropyl alcohol were purchased from Sigma-Aldrich Corporation (St. Louis, MO, USA). Chloroform was purchased from Merck KGaA (Darmstadt, Germany). Ethanol was purchased from BDH chemicals (Radnor, PA, USA).
Plant Materials
The fresh herbs (1 kg) were obtained from a local wet market in Chow Kit, Kuala Lumpur, Malaysia and were delivered to the Forest Research Institute of Malaysia (FRIM) in Kepong, Selangor, for aqueous extraction. At FRIM, the herbs were washed under running tap water to clear out dirt and the excess water was drained. The cleaned herbs were then oven-dried at 40 -45 0 C for 3 days, at which the humidity of the herbs is less than 10%. The dried herbs were ground to small particles using a grinder, in which 200 g of ground dried herbs was obtained. The ground dried Cosmos caudatus was then subjected to the extraction process using the 'reflux extraction' method using 1 L of water at 40 -60 0 C for 3 hours. The aqueous extract obtained was then thickened using a hot plate stirrer. The thickened extract was frozen at -80 0 C for 24 hours and subsequently freeze-dried using the freeze-drier system for 5 days. After 5 days, 31.8 g of freeze-dried extract was obtained, giving a yield of 15.9%. The dried extract was kept in dark amber glass bottle wrapped in aluminium foil and stored in the freezer at -20 0 C.
Animals
Experimental animals used in this study were adult male ICR white mice obtained from the Universiti Kebangsaan Malaysia (UKM) Animal House. Male mice aged 8-9 weeks and weighed between 25-30 g were used. The animals were treated after an acclimatization period of seven days to room temperature and relative humidity of 28.5°C and 50%, respectively. They were housed in standard mice cages and put under 12 hour light/dark cycle and fed a standard rat chow diet with tap water given ad libitum. Food and water were not withheld before oral administration of the extracts to mice. Animals were maintained and handled according to the recommendations from the UKM Animal Ethics Committee (UKMAEC) which had approved the study design of the experiment.
Study Design
A total of 30 mice were used, and they were divided into 5 groups (Control, 100UR, 500UR, 1000UR, BHA; n = 6 for each group). In the Control Group, mice were fed normal diet (standard rat chow) and sham-treated with distilled water (0.1 ml) through oral gavage daily for 21 days. Mice in the 100UR Group received normal diet and treated with 100 mg/kg body weight Cosmos caudatus extract, dissolved in 0.1 ml distilled water, through oral gavage daily for 21 days. Mice in the 500UR Group received normal diet and treated with 500 mg/kg body weight Cosmos caudatus extract, dissolved in 0.1 ml distilled water, through oral gavage daily for 21 days. Mice in the 1000UR Group received normal diet and treated with 1000 mg/kg body weight Cosmos caudatus extract, dissolved in 0.1 ml distilled water, through oral gavage daily for 21 days. In the BHA Group (positive control group), mice were fed normal diet fortified with 0.5 % BHA (w/w) for 21 days. The chosen dose was based on a previous study [9] . Mice were sacrificed after 21 days of treatment via cervical dislocation. Liver tissues were excised, immediately frozen in liquid nitrogen, and stored at -80 ° C until further analysis.
RNA Extraction and Quality Test
Total RNA from the liver was isolated using TRIzol reagent, according to the manufacturer's instructions. Isopropyl alcohol (Sigma, USA) was added in each extraction step to precipitate the total RNA. Extracted total RNA pellet was then washed with 75 % ethanol and dried before being dissolved in RNase free water. Total RNA was stored at -80 0 C immediately after extraction. Concentration and purity of the extracted RNA were determined by NanoDrop spectrophotometer 2000c (Thermo Scientific, USA) at a wavelength of 260 nm (OD260). RNA with RNA integrity number (RIN) ranging from 7 to 10 and absorbance ratio of A260 to A280 ranging from 1.5 to 2.0 was used for cDNA synthesis.
Reverse Transcription
Generation of cDNA from RNA was done using iScript cDNA synthesis kit (Bio-Rad, USA) according to the manufacturer's instructions. Briefly, total RNA (1 µg) from each sample was added to a mixture of 4 µl of 5X iScript reaction mix, 1 µl of iScript reverse transcriptase, and 14 µl of nuclease-free water in a total volume of 20 µl. The final reaction mix was kept at 25°C for 5 min, 42°C for 30 min, and heated to 85°C for 5 min in a thermocycler (TC-412, Techne, Barloworld Scientific, UK). The cDNA was then used as a template for amplification by PCR.
Quantitative Real-Time PCR
Both forward and reverse primers for the genes of interest in this study were designed according to previous studies [12] [13] [14] [15] [16] and synthesized by Vivantis Technologies (Oceanside, CA, USA). The primer sequences for our gene of interest are shown in Table 1 .
Quantitative real-time PCR (qPCR) was performed on the MiniOpticon cycler (Bio-Rad, USA). The total reaction volume used was 20 µl, consisting of 1µl of 10µM forward primer and 1µl of 10µM reverse primer (500 nM final concentration of each primer), 10.0 µl of iQ TM SYBR  Green Supermix (2X) (Bio-Rad, USA), 7.0 µl of nuclease-free water and 1.0 µl of cDNA. All measurements were performed in triplicate and notemplate controls (NTC) were incorporated onto the same set of PCR tubes to test for contamination by any assay reagents. The thermocycling conditions were initiated at 95°C for 30 sec, followed by 40 PCR cycles of denaturation at 95°C for 15 s and annealing / extension at 60°C for 30 sec. Melting curve was performed by the end of each cycle to confirm the specificity of the primers and the purity of the final PCR product. Threshold cycles were determined for each gene and quantification of templates was performed according to the relative standard curve method. The relative standard curve method, as defined in the Applied Biosystems User Bulletin No. 2 [17] was used to analyse the real-time PCR data. In short, the expression level of each target gene was given as relative amount normalized against GAPDH standard controls. Performing qPCR eliminates the need for post-processing gel electrophoresis [18] .
Statistical Analysis
Data were expressed as mean ± S.E.M. Significant differences between mean values of multiple groups were determined by one-way analysis of variance (ANOVA) with Tukey's HSD post-hoc test. Data not normally distributed was log transformed and analyzed using the Kruskal-Wallis one-way analysis of variance on ranks hypotheses. Statistical analysis was conducted using the SPSS software version 22. Differences were considered significant at P < 0.05.
RESULTS
Mortality
There was no mortality observed after 24 h and the following 21 days of administration of the Cosmos caudatus aqueous extract in all mice from both control and treated groups. GAPDH: Glyceraldehyde 3-phosphate dehydrogenase; NQO1: NAD(P)H: quinone oxidoreductase 1; GSTA1: Glutathione S-transferase alpha1; GSTA3: Glutathione S-transferase alpha3; GSTM1: Glutathione S-transferase mu1; GSTM3: Glutathione S-transferase mu3; GSTP: Glutathione S-transferase pi; SOD3: Superoxide dismutase 3; HO-1: Heme oxygenase-1; GCLC: Glutamate cysteine ligase catalytic subunit.
Body Weight
There was an increase in daily body weight from day 0 until day 21 which corresponded to normal growth of mice ( Table 2 ).
Liver GSTA1, GSTA3, GSTP, GSTM1 and GSTM3 Gene Expressions
Liver GSTA1 gene expression levels in mice treated with 100 and 500 mg/kg Cosmos caudatus aqueous extract were significantly increased compared to the expression levels of GSTA1 gene in control mice livers. However, liver GSTA1 gene expression levels in mice treated with 1000 mg/kg Cosmos caudatus aqueous extract and 0.5% BHA were not significantly different from control mice. Liver GSTA3 gene expression levels in mice treated with 100, 500 and 1000 mg/kg Cosmos caudatus aqueous extract, as well as in mice treated with 0.5% BHA, were found to be significantly reduced compared to GSTA3 expression levels in the livers of control mice. Liver GSTM1 and GSTP gene expression levels in mice treated with 100 mg/kg Cosmos caudatus aqueous extract were not significantly different from GSTM1 and GSTP expression levels in the livers of control mice. However, liver GSTM1 and GSTP gene expression levels in mice treated with 500 and 1000 mg/kg Cosmos caudatus aqueous extract, as well as in mice treated with 0.5% BHA, were significantly decreased compared to the expression levels of GSTM1 and GSTP genes in control mice livers. GSTM3 liver gene expression levels were significantly increased in mice treated with intermediate and high doses of Cosmos caudatus (500 and 1000 mg/kg) compared to control mice. However, there was significant decrease in GSTM3 gene expression levels in mice treated with 100 mg/kg of Cosmos caudatus and also in the 0.5% BHA group, compared to control mice (Figure 1). 
Liver NQO1, SOD3, HO-1 and GCLC Gene Expressions
NQO1 liver gene expression levels were significantly increased in mice treated with the lowest dose of Cosmos caudatus aqueous extract (100 mg/kg), compared to control mice. However, there was significant decrease in liver NQO1 gene expression levels in mice treated with 1000 mg/kg of Cosmos caudatus aqueous extract and also in the 0.5% BHA group, compared to control mice. The levels of NQO1 liver gene expression in mice treated with 500 mg/kg aqueous extract was not significantly different to that of control mice. Liver SOD3 gene expression levels were significantly decreased in mice treated with 500 and 1000 mg/kg Cosmos caudatus aqueous extract as well as in mice treated with 0.5% BHA, compared to control mice. However, there was no significant difference in liver SOD3 gene expression levels in mice treated with 100 mg/kg of Cosmos caudatus aqueous extract compared to control mice. Treatment of mice with 500 mg/kg Cosmos caudatus aqueous extract and 0.5% BHA resulted in significant increase in liver HO-1 gene expression levels compared to control mice expression level. However, there was no significant difference in liver HO-1 gene expression levels in mice treated with 100 and 1000 mg/kg Cosmos caudatus aqueous extract, compared to control mice. Liver GCLC gene expression levels in mice treated with 100, 500 and 1000 mg/kg Cosmos caudatus aqueous extract, as well as in mice treated with 0.5% BHA, were all found to be significantly reduced compared to GCLC expression levels in the livers of control mice (Figure 2 ).
DISCUSSION
The function of phase I metabolism is to facilitate a chemical compound for phase II metabolism. True detoxification of drugs and xenobiotic occurs in phase II whereby phase I metabolites are converted to water soluble products that can be easily excreted through the body. GST is one of the phase II enzymes involved in the conjugation of cytochrome P450 metabolites with glutathione, thus favoring their elimination from the body [19] . Results from previous studies support the notion that induction of GST conferred protection against cytotoxic, mutagenic and carcinogenic chemicals [20] . The transcription factor Nrf2, which binds to the ARE, seemed to be essential for the 100UR, 500UR, 1000UR: Groups of mice treated with Cosmos caudatus aqueous extract orally at a daily dose of 100, 500 and 1000 mg/kg body weight, respectively. All values are expressed as mean ± SEM (n=6/group). No significant difference in body weight was found in control vs. treated groups within day 1 and within day 21 (ANOVA).
Figure 1: GSTA1, GSTA3, GSTP, GSTM1 and GSTM3 gene expressions in the liver of mice treated with Cosmos caudatus aqueous extracts for 21 days. Data is expressed relative to control (mean ± SEM, n=6/group). Asterisks (*) indicate statistically significant difference from the control group (p < 0.05). 100UR, 500UR, 1000UR: Groups of mice treated with Cosmos caudatus
aqueous extract orally at a daily dose of 100, 500 and 1000 mg/kg body weight for 21 days, respectively. CONTROL, control mice; BHA, mice were fed normal diet fortified with 0.5 % BHA (w/w) for 21 days. induction of glutathione S-transferases (GSTs) [8] . In this study, the effects of three doses of Cosmos caudatus aqueous extract (UR) on the gene expression of levels several GST isoforms [Alpha1 (GSTA1), Alpha3 (GSTA3), Mu1 (GSTM1), Mu3 (GSTM3) and Pi (GSTP)] in mice liver was determined.
Significantly increased expression of GSTA1 gene in mice liver was noted after the mice were treated with 100 and 500 mg/kg Cosmos caudatus aqueous extract (UR), compared to control mice liver. It was suggested that at these doses, UR or its metabolites might be able to influence the Nrf2 transcriptional activation pathway, which resulted in the increased expression of GSTA1 gene. However, there was no significant difference in the liver expression of GSTA1 gene after the treatment of mice with 1000 mg/kg UR and 0.5% BHA, compared to controls. These results indicated that treatment with 1000 mg/kg UR and 0.5% BHA were unable to further increase GSTA1 gene expression. It could be suggested that 1000 mg/kg UR and 0.5% BHA or their metabolites might somehow were able to inhibit the Nrf2 transcriptional activation pathway for GSTA1, or directly inhibited the GSTA1 gene expression, through mechanisms which are yet to be ascertained. Further studies are needed to confirm these suggestions.
Liver GSTA3 gene expression was found to be significantly reduced in mice treated with all three doses of UR, compared to controls. In mice treated with 500 and 1000 mg/kg UR, liver GSTP and GSTM1 gene expression was found to be significantly reduced compared to controls. This indicated that at these doses, UR might inhibit the Nrf2 transcription activation pathway related to GSTA3, GSTP and GSTM1, or directly inhibited the GSTA3, GSTP and GSTM1 gene expressions, through mechanisms which are yet to be determined. However, previous studies had shown that Cosmos caudatus contained potent antioxidants and it was suggested that UR protects liver cells against liver damage and lipid peroxidation [10, 21, 22] . Therefore, it could be suggested that the livers of mice treated with these doses of UR were not in stress, and in this case there was no urgency for the liver to upregulate GSTA3, GSTP and GSTM1 gene expressions in this situation. Since upregulation of GSTA3, GSTP and GSTM1 enzyme activities was thought to be unnecessary in this case, it was suggested that the liver might downregulate GSTA3, GSTP and GSTM1 gene expressions instead, hence resulting in significant reduction in GSTA3, GSTP and GSTM1 gene expressions found in this study.
GSTM3 liver gene expression was significantly increased in mice treated with high doses of UR (500 and 1000 mg/kg). However, there was significant decrease in GSTM3 gene expression in mice treated with 100 mg/kg UR. The results suggested that normal mice treated with 100 mg/kg UR was not subjected to any stressors, and therefore there was no requirement to increase GSTM3 enzyme activity. This might cause the GSTM3 gene expression to be downregulated compared to mice in control group. However, when treated with higher doses of UR (500 and 1000 mg/kg), the livers of mice might produce phase 1 metabolites of UR which were needed to be metabolized by GSTM3. This could trigger increased gene expression of GSTM3, most probably through activation of the Nrf2 pathway related to GSTM3. Further studies are needed to confirm these possibilities.
We found that treatment with 0.5% BHA significantly reduced the gene expression of GSTA3, GSTP, GSTM1 and GSTM3 in mice liver. The dose of BHA chosen was based on a previous study [9] whereby phase II liver enzymes activities were found to be significantly increased when this dietary dose was fed to mice. In order to induce phase II liver enzymes (such as GSTs) BHA must be metabolized in the liver to form t-BHQ, quinone radicals and/or other reactive oxygen species. The resulting increase in oxidative stress due to the presence of quinone radicals would trigger an increase in phase II enzymes such as GSTs [23] . It could be that in the mice used in our study, not enough oxidative stress was generated in the liver by the dose of BHA given. We therefore postulate that an increase in the dose of BHA in the diet up to 1% might increase the gene expression of phase II enzymes [23] . We further postulate that even after feeding the mice in our study with 0.5% BHA diet, their livers were still far from being stressed, which could trigger the downregulation of phase II enzymes gene expression since their activities were not critically required, however, further studies need to be done to confirm this. The result of another previous study that utilized similar dose of BHA as our mice showed that BHA increased the activity of phase II enzymes such as NQO1, SOD and GSTs [24] . However, they used a different strain of mice from our study. The strain of mice used in our study might possibly need a higher concentration of dietary BHA in order to produce the same effect.
NQO gene family belongs to the flavoprotein clan and, in the human genome, consists of two genes (NQO1 and NQO2) [25] . NQO1 is of particular interest, because in mouse it is highly inducible by electrophiles and has key cytoprotective functions [26] . It is also capable of scavenging superoxide anions generated during oxidative stress and regenerating reduced forms of protective endogenous antioxidant compounds [25] . Nrf2 is the key regulatory pathway for NQO1 expression. The transcription factor Nrf2, which binds to the ARE, appears to be essential for the induction of NQO1 [8] .
Our results showed that NQO1 liver gene expression was significantly increased in mice treated with lowest dose of UR (100 mg/kg). There was significant decrease in NQO1 gene expression in mice treated with 500 and 1000 mg/kg of UR and also in the 0.5% BHA group. Previous study showed that there was significant increase in NQO1 enzyme activity after 1000 UR and 0.5% BHA treatment [10] . We postulate that the significant increase in NQO1 enzyme activity in the livers of mice treated with 1000 UR and 0.5 % BHA might cause concomitant reduction in NQO1 gene expression in these mice, due to negative feedback regulation. In the case of mice treated with 100 mg/kg UR, it could be that at this dose, UR or its metabolites were able to activate the Nrf2 transcription activation pathway related to NQO1, thus resulting in significantly increased NQO1 gene expression compared to control mice. However, due to unknown reasons, the increased gene expression did not translate to increased enzyme activity in the 100 UR mice liver [10] . It could be that in mice treated with 100 mg/kg UR, the level of oxidative/chemical stress in the liver was still very minimal, and there was no urgency to translate the increased gene expression to increased detoxification activity related to NQO1 enzyme activity, as indicated by a previous study [10] . Similarly, mice treated with 500 mg/kg UR were also postulated not to encounter any excessive oxidative/chemical insult and stress. Therefore, it was suggested in mice treated at this dose, there was no urgency for the livers of these mice to upregulate the expression of NQO1 since its increased activity was not detected (nor critically required), as indicated by a previous study [10] . However, further studies on NQO1 activity assays and NQO1 expression at post translational level should be carried out to confirm these results.
SOD is the first and most significant line of antioxidant enzyme defence system against several reactive oxygen species (ROS). It catalyses the dismutation of two superoxide radicals to form hydrogen peroxide and oxygen. The product of this gene is thought to defend the lungs and other tissues from oxidative stress. Researchers have identified that the SOD3 is induced by antioxidants and regulated through Nrf2. SOD is therefore an important enzyme in combatting oxidative stress [27] . SOD catalyzes the conversion of superoxide (O2-) into oxygen molecule and hydrogen peroxide, whereas catalase metabolizes hydrogen peroxide into oxygen and water. The augmented activity of SOD accelerates dismutation of superoxide radicals to hydrogen peroxide which is removed by catalase [28] .
In this study, we found that liver SOD3 gene expression was significantly decreased in mice treated with 500 mg/kg UR, 1000 mg/kg UR and 0.5% BHA. Liver SOD3 gene expression in mice treated with 100 mg/kg UR was not significantly different compared to mice in the control group. Radman et al. (2014) showed that liver SOD enzyme activity was significantly increased only in mice treated with 500 mg/kg UR and 0.5% BHA [10] . It is therefore suggested that in mice treated with 500 mg/kg UR and 0.5% BHA, the SOD enzyme activity had already peaked and therefore there is no need to further increase enzyme activity, thus causing the SOD3 gene expression to be downregulated by negative feedback mechanism, which was indicated by our result where there was significant reduction in liver SOD3 gene expression in mice treated with 500 mg/kg UR and 0.5% BHA, compared to control mice. There was no significant increase in liver SOD activity in mice treated with 1000 mg/kg UR [10] , suggesting that this particular UR dose might inhibit the liver SOD3 gene expression mechanism, which was indicated in this study, where the liver SOD3 gene expression was significantly decreased compared to control mice. Mice treated with 100 mg/kg UR did not display significantly increased liver SOD enzyme activity compared to control mice [10] , suggesting that this particular dose of UR was not able to activate the liver SOD3 gene expression mechanism, as indicated by the result of this study, where liver SOD3 gene expression was not significantly different compared to controls.
HO catalyzes the rate-limiting step in the principal degradative mechanism of heme catabolism. HO-1 expression is upregulated not only by its substrate, heme, but also by various non heme inducers such as heat shock, inflammatory cytokines, endotoxin, and oxidative stress, suggesting that HO-1 may play a vital role in maintaining cellular homeostasis [29] . Increases in HO-1 protein expression and activity have clear anti-inflammatory and antioxidant effects and can protect tissues, organs, and entire animal models from septic shock, oxidative injury, and hypoxia [30] [31] [32] [33] . HO-1 expression is primarily regulated at the transcriptional level, and its induction by various inducers is related to Nrf2 [8] . Heme oxygenase-1 is identified as particularly important in protection against a large number of diseases resulting from increased production or decreased removal of reactive oxygen species. HO-1 also impacts cancer progression through modulating tumor microenvironment [34] .
In this study, there was a significant increase of HO-1 gene expression level in mice treated with 500 mg/kg UR, compared to control mice. This suggested that this is the optimum dose for mice liver HO-1 expression. The level of HO-1 gene expression in mice treated with 100 mg/kg UR was not significantly different compared to mice in the control group, suggesting that this particular dose was not enough to induce HO-1 gene expression. The level of HO-1 gene expression in mice treated with 1000 mg/kg UR was also not significantly different compared to mice in the control group, suggesting that this particular dose inhibited HO-1 gene expression, through mechanisms which have yet to be determined. There was a significant increase of HO-1 gene expression level in mice treated with 0.5% BHA, compared to control mice, indicating that BHA was able to positively induce the Nrf2 activation of HO-1 transcription machinery.
Glutamate cysteine ligase catalytic (GCLC) is the rate limiting enzyme in the synthesis of glutathione, an important endogenous antioxidant. Glutathione (GSH) is the main non-protein thiol in mammalian cells that participates in many critical cellular functions, including antioxidant defense and cell growth. GCLC subunits are encoded by different genes and dissociate under reducing conditions [35] . GCLC expression in the liver was found to be regulated by Nrf2 [8] . In this study, we found that the GCLC gene expression was significantly decreased at all UR doses used to treat the mice. This result correlates strongly with the result obtained by Radman et al. (2014) , which showed that GSH level was significantly reduced at the same UR doses used [10] . GCLC is involved in glutathione (GSH) synthesis, therefore, the result of this study suggested that decreased GCLC gene expression was responsible for the decrease in GSH levels seen in the study by Radman et al. 2014 [10] .
CONCLUSION
Treatment of mice with aqueous extract of Cosmos caudatus resulted in significantly increased liver expression of certain Nrf2 target genes at specific doses only -GSTA1 (100 & 500 mg/kg), GSTM3 (500 & 1000 mg/kg), NQO1 (100 mg/kg) and HO-1 (500 mg/kg). For these genes, other doses given to mice did not significantly affect their liver expression, or resulted in significantly reduced liver expression. For GSTA3, GSTP, GSTM1, SOD3 and GCLC, most of the UR doses administered to mice resulted in significantly reduced liver gene expressions compared to control mice. The results of this study indicated that Cosmos caudatus aqueous extract might influence the expression of Nrf2 target gene, either negatively (decreased expression) or positively (increased expression). The reasons why such upregulation and downregulation of these genes occurred could partly be explained in conjunction with the results of enzyme activities of these genes products which was detailed in a previous study [10] . However, in order to conclusively prove that Cosmos caudatus aqueous extract affect the expression of Nrf2 target genes, similar experiments should be performed on Nrf2 knockout mouse as well, or by conducting Nrf2 nuclear translocation studies in wild-type and Nrf2-depleted mice liver cells using Cosmos caudatus aqueous extract. In this study, we had used the aqueous extract of Cosmos caudatus. A previous study had suggested that ethanolic extract of Cosmos caudatus exhibited stronger antioxidant activity due to the presence of numerous flavonoids and phenolics compounds in the ethanolic extract [36] . Therefore, it is suggested that in future studies, we should use organic solvent-based extract of Cosmos caudatus instead of aqueous extract, in order to obtain a more comprehensive result.
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